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[REASON] 



This invention described in the whole claims can be easily invented by those 
skilled in the art as pointed out below. Accordingly, the above-identified 
patent application cannot be registered pursuant to Article 29, Paragraph 2 of 
the Korean Patent Law. 



[BELOW] 

This invention relates to a method for fabricating a capacitor in a 
semiconductor device. The method includes the steps of: forming a lower 
electrode made of silicon on a substrate provided with various device 
elements; forming a thin silicon oxide layer uniformly on the lower electrode; 
forming a thin aluminum oxide (AI2O3) layer on the silicon oxide layer; and 
crystallizing the aluminum oxide layer by performing a heat treatment 
process. However, the Korean Laid-Open No. 1999-65064 disclosed on 
August 5, 1999 (hereinafter referred to as a cited reference 1) reveals a similar 
capacitor fabrication method, including the steps of: forming a lower electrode 
by employing a thin impurity doped polycrystalline silicon layer; forming an 
anti-reaction layer made of silicon oxide; and forming an amorphous oxidized 
aluminum layer by performing an atomic layer deposition method and 
densifying the amorphous oxidized aluminum layer through a heat treatment 
process. Accordingly, on the basis of the cited reference 1, it is regarded that 
this invention can be easily derivable by those ordinary people skilled in the 
art. 
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Korean Laid-Open No. 1998-0000135 



ABSTRACT 

The present invention relates to a capacitor with high capacitance by using a 
silicon-based conductor layer as a lower electrode and a method for fabricating the same. 
The capacitor includes a lower electrode, a dielectric layer formed by employing an 
amorphous aluminum oxide (A1 2 0 3 ) layer and an upper electrode. At this time, the 
amorphous aluminum oxide layer is formed through a method that transfers vapor 
reaction materials onto the lower electrode where sequential reactions take place. An 
atomic layer deposition (ALD) method is one example of such method. Also, prior to 
forming the amorphous aluminum oxide layer, the lower electrode is subjected to a 
rapid thermal nitridation process. The amorphous aluminum oxide layer is also 
subjected to a densification process thereafter. That is, after the upper electrode is 
formed, the amorphous aluminum oxide layer is thermally treated at approximately 
850 °C and then, proceeds with the densification process. Through this densification, 
approximately 30 A of an equivalent oxide layer, which is a theoretical thickness of the 
equivalent oxide layer, can be obtained. 
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2?IE 4^A| QHE!3§ 416 

171 cq m 

□ o J 

gfefAl ggqi OTSAI ^AIOHIM 112S 15012 

All^^AI ?§0HftM 440# 4032 
01 &5! 
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(74) CH£I2I 


4=SA| If^ °!71|= 3662JAI £}^0HhE 101 § 4102 
2T*!g- icS!^, 013! 







^eiETU EEl^Ksilicon based conductor layer)M ^ Olg^KH ^ 3MHH A|^^ (capacitance) 

M ^RlS .^im Al El (capacitor) 3 t!2 »gl ^HAIt^Q. B S^SK HI (amorphous) 

#» ST^P!h(AI 2 IV)^ SSSj- S! S^i StttlO. QlttH, #a ir^QIs^ ?\£t SI'S 

IMS : $»8j£§! em.PI HGIUfe-JHS £LH^ £>^, OU^CH, S*t(atomic layered 

deposit ion) 2:1 S^SCr. EHHOL dISii ±m tr^QI&srg t^r?! 0|2tW ^ g^S 
§3. . aSKrapid" thermal nitridatioh) «ElttQ. £E£h HISS Afsl- tf^Dlft^S 
*IS»(densi-f ication)ir^ 4>MiiQ. ^, 4 K ¥ 3^1 ^££J" Ol^Oil, d|§H £+& &^DI6^S 

CH^f 30 AM SSlttlfe tft»«r 3«V £ SiCr. 

E 1£ g iTSGfl [Q-s^ 5HIHA|Ei^ ^A|«ll gSSPI £loHS 7H^!£^ EAlE]- 

£ 2 LHX1 £4zg a-A|QB2| ?lSHA|E10il Q|§E|£ SH^ QUI 7H^!££ UEKSD. 

e B.a £ 6^ g iraon c&s^ ?iiaiei tig eraisi tfAions g^stm *mM ?h^)££ eaib b 

E ?g 60A ^JJiH HI33 W^DIs^QilAl =?E SSfOll CH^H ^SSI §^ mt^i ^11 

eai« naiiOia. 

£ 8^ boa =msi ui§i Aftf ij-iprji^ojiAi ei^si^ saoii ch^h 2^ sei e 

Aitmasoia 

E 9~ H|§§ S-^DI&^M SS^ 5j§ CH^f 450-cSEej ££g ^X^IM ^t«W UH, ^Z! 
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£ ^zm\ «ftl a El 5711 ESSKsilicon based conductor layer)M o"r^ 21 

0|§^rDl 3 ?)SHA|@^(capacitance)M 9\MM El (capacitor) SI SB CHI ^tl" 3 

0ID. 

efea saw aaaiarsw ma aiHAia^ *mm= a 321 e^eih siq. 0101 \m 9\mm 

a^°l 2te SH3I- a^lWI CH^EIH 2iQ. OlSh flISftPI fl*IAi 5H5HAIE12J ^zm 

tmu SM^I- 3 111 ArSSrS SWr WOTM BttHH KQ. WIS MCH, H DRAM (Dynamic 
Random Access Memory) SxlOfl SHhSj^S 0|SS = ON0( Oxide/Nit ride/Oxide layer) Q fe= 

S3 fiM>a 7rAlr: Bir»(ToA)Sr E£ BST((Ba,Sr)TiQ,)° h ^ S3^£S 0IS«h& »H0| MAI El 

3 aa. 

□SILK 0(21- »S &S0| aEEPIWS OH? **St* 3301 fl^SQ. ^, 8l»a|2! 541A|E1°J 
M^MOI ES(dopirs)a aEI£S[(polycrystal I ine silicon layer)M 3! e r ¥ 2^ 

£g'DISSr= SIS(Si I icon/ Insulator/Si I icon layer) ?£0|CK HEiLh 4^1 £!tr &til 0|§&r£ 
SSW : £ MlS(Metal/lnsu!ator/Silicon layer) ^3 E£ MIM(Meta I /Insulator/Metal ) ^51 EBSKHOI: 
tJCh Mh 4^1 BST°IS QISS r = S^Oilrf MIM ^£1 EBISKHOI: «Q. ^, ?]SHA|E1 HSKJI 

Sth ^mm^tm 01 Safe 3^011 = fe#S B» El ^2 (step coverage)^ ^*WPI ^loHAI. £3 £ 
SW*I S^(surface kinetic regime)*] Xi£0U1 ^(Chemical Vapour Deposit ion J 0| S [ CVD 

weft ors*wi era a aswMottta. oin ckk a± as, e»4*£(hvdrocarbon)2i ss- 

1 LH 5ft Eir BSS TEl^h e^J SH?r * aa.CKM, SSBOI &4£II2, ^ 

^£(poor insulating propert ies)0| UEH-ffll SP-. 

0|2r ZTS gfllSS SS*CT °I^BA| HSOIIAiei 2*1 #4 CHyU(dry 0 a annealing) 3S0I « r S a 
^Sltr. ^, #± CHyn aS£lb £H r ^mm^i Ar&SKoxide layer)! 01 

»*HH mgm fiSftrJW Srir A|E?|- ?iCKY.0hyi, TaA capacitor' dielectric 

material for Giga-bit ORANs/ I EDM Tech. Dig., 1994, p83l). EEi", 3cil°i Br^Ci SI (grain boundary)^ 
?l^fg(weak point)^ ^5}^^ ah« ^(djf fusion E|~ «^0| IJOIkf 4= 2iQ. CCfB^ 

Ai. ^IH^ 4±»SK)I ^^£101 .4^1 .i+a leakage current property )0I 

1 4 SICK 4^1 4r4r.Baa^ ^IBAIEISJ ^¥ S^2| Ami&ii- 4^1 i+a &mM^lr 

a^ai e»a «w era »Ssroi E^Eioiot *io(di«5^ ^ H4,B9i«684S). 

t.H@, BST°^ 2g ?I?HA1 2j^2r°J Til 3( interface) Oil ^M?| 

S^Cschottky barrier)! SSUrOtdt Q\2[ ^^^| gfim^l fl5|AI= § *^(wrk 

function)^ S 11, (BI3CH ^^^^ OI^CHAI^ 25^1 ES^rOIOt tfCKSoon Oh Park, Fabrication 
and Electrical Characterization of Pt/(Ba.Sr)TiQi/Pt Capacitors for Ult ra large-Scale Integrated 
Dynamic Random Access Memory Applications Jpn. J. Appl. Phys. Vol.35, 1996, P1548-1552). EtJ-. 01 
2h W= E^a^l mBAI^ ^ ^^21- ^$M0I ESS 711 3 CHI 2^ 

S^(ohinic contact )S S«5hOI0|: *jC r . 9.°\ 5^1 ^^oF010|: §rH 

g-wsj- (barrier layer)M EatKMOt tICh 

^ae 'HKr.sfoi tm ^mm^t e^ bst^ ^3 n^s^^ sgj^^i £i*bai= ^£ry 

S§ 3! T?^^r fl^SCK ^, MIM 7^ E^ MIS- q*£52| 5H1AIE12J ?5 egO| R^aCf. HE1LK 

oiEiti- eawi^ 4^1*1- um ^ ew hi^^bj sai a ^quaiei e e -s si oiaotiE qibi ^ 
si s"s«2i ofaaoi m&ci 



4 Bl-El S*|2| AIE1M Sl^r^DI SID, 
B -BT9QI OI^IIAI- QB 3?i#^! SiTll E2^1 5r¥ 2!^^^ 0IS«K3I ^uHAia^^l SCH 

ai-^oj pi^w ij-Jiie ^5r?l 2mQ\ S | h S2 S^IK SI 4 h ¥ 5tmr^ ^Ex-il 

^EHAIEie XH^Q. ^71 o-f-^i 2^^^^ M^MOI ESa QIS^ m2t ^ 

E2°M OlgttQ. Etl, 4^1 (stack type) Si"^ £J» 

a E| ffejf! (hemispherical grained silicon layer type) ?5 E^ a (cylinder type) aa 

ss^^^ m¥ shhi saa= uisi *m a^DiH^a oig^jcr. qi^iai, ^i hi 

§1 ^0Ih5|~ ^(source )0ilAi S^£|^ aeggsg -^og bhs 0 | 

SQiU^ ^, #?\ Zt¥ 2^ fe^S SLH^ ^^aCK ^, SArSj- S*T(atomic layered 

deposition) im 10A LHXI 300A §E^1 =J)||g SSaQ. Qottt, >+5|- 

CH^f 40A LHAI 70 A ^E^i ^IJ||^ ^^aQ. E^, ^1 or^ 3^ S ^1 AMD I CHI ^ ^ 

El 5 i+Shg, ^E|^ §tH E~ a£IE ^A| ISrM Ol^OiXI^ ^ ^XI^OI Q 4 Si 

Q. 

a^i ogoi. Af-Qjj «saD. oi7iAi. g?\ g¥ M^eoi Esa qi§§ ^ei 
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5^, S± E J! aeiAKHES*, ^ElAKHESh ¥WE tfBIAKMESt, ElEfe fi|E|AH3|ESJ-, 

IEIMQIh^ &MSf, HM°t E~ ElEfe U-OIMEI-OIE 1 ^ §IH IJ£ £3^25 DITCHED. 

srai s-sapi sisi-oi & «s«a qpial 491 a^e 

M^sOl EDS Q1§1 £EI5^ g-« £EI57j| EH^ES SS^ICh E£h 49[ a^S 

axf ^ei^^j-s e^ ^ §m irs emi tissQ. 

oi^dl 49i a^ 4km = mss d-ti- swnifest©£ sa^m ^stia. qioh, 491 sa*m s 
em otaoii 491 »w a^?m s»Ei*ia 491 m¥ a^ 4^1 &s swam «sm= 37111 

Q 4?^Ch OIIOL &?\ i*IEI = CHSf 300X LHXI 12DCTC §E£| £E0U1 4=t»SCK BQ #AH3PI£ 
CH^f 900*c SE°J £ED)|A1 SHUOKNH) 3k& §^ ^ §4 ±9.±M SSKfe g*l?l 01 S 

ofe.S^ §3 i§£ 5 g^Elti-Q. 01 Oil CCfEK 491 4CHI ^EIE i+31-B, 4 l EI5 

1 E^ gEI5 ^Al 3£« 01^01 XI ^ &g SXISH3I □ «S1 ^ 2iD. 

EtJ\ 4^1 H|§1 tf» BWD|&S|-S ^^2] ££^0]|A1 g^EI^ 2^21 7I4" ^§lif 
^□1 SOiU- s^S, ^, 49| 51-^ 6f©S BLH^ ^S^^ SSSQ. ^, SX^Sf e^r(atcmic 
layered deposition) CH^f 10A LHXI 300 A §E2] ^MilS SQ £MloK>tl^, 491 HI 

#U S#DIhS,^ fflBF 40A LHXI 80A SSSQ. O^lAi, 49 1 £JAh°{- S^T »BS 

1E| [fill SW0l&(Al(OU) E~ ir?Dis 33EK3|E(AICl.)§ B^OIfe £°.£(aluminiuro source)^ 
OlSoKM E*h 49| g|X^ g*T fSi 4=t5oPI 0I2CHI 49! a^M ^± SHAIKH Old 

Jj E| (hydrogen passivation treatment )oh^ □ 4^tSSJtK 

G|$(HI, 49| 4^011 3^1 0|7| A| f 491 4^ g^gOl ES^! DiSl 

^315^ 1^ E J ^E|AK3IE5|, MEIBLUs £E|AK3|E^, SEIAI-OIE^ EiEhs ^ElAfQIE^ 

i^e^ gEIMDilH^ &ii D 4, ElEfe LrO|EEmiE°| ESSfog Q\^0\& 

CK e»HM. 4^ 2^1 SSafe &fli OI^OH 491 ^tl- ^?DIh°M Xfllflgs^ Bfl 

a Q ^t«t.CK 0|D| # 491 aitias- 37)1^ 491 dISl i+» S^DIe^j ^£ Ol^rS 4 K 7| 

uisii ^tt- fe-^aik^s aaeimoj ^tta'D. ^, 4^1 ^^ei^ ch^f ibo*c lhai 9oo*c §e°j ?e 

CHI At '^IttStf. St!", 491 1A|E|^ tt± <Mmi 1^ E^ 1^ ^ §1 M^PI 

OlSoCTU aSOtlAl ^*»sip.. 4 h Ail^|-»i^ CH^f 850*c£J ^EOilAI ^4: 7^1 £Z\J\ 0|g 
*KM-^I SSEie 4t«tl-Q. 

CiorOj 1 ; 491 Xillxl^s^r^ BTtlOil ^hoKH 49 1 4 h ¥ 2^1 SSS^ &7|| OlSOil 491 HiS^ ^ 
tf9QlfeSHI M2%^m\^ 3711 M Q ^tl^Q. Ol^lAi, 491 92^199- 37U^ 491 H1S1 ^ ^ 
Ols^SI l§tf 2£ QlshS 491 bl§^ dhsl- i^DlH^i BflElftKM *HaD. 4^1 B*|E|^ 
EHEf 150*G LH XL 900*0 §E°J SEOJAI 4tS^IEK £Ett 491 S^£|^ g>yt(- ^4: 1\± E 

S.l^ 7ri S# **PI OISSWU'ZSSMAI ^tl^Q. fiQ ^mm- DIBf 450*c SE°I 2 

EOilM ^ ^h^M M^l^l ?r^^ Q\m*m 491 gxHEIM ^tS^CK 

e 'tfa'w itfs^, situ sa^m a^s Di^hcn ?iihais^^ schm 4= ^-ex-u 

S-X|2| ?iSHA|E1 a 3 ^Si X1] SIT ^ OlUK E3m S^ol-Dl a ^A| 

Ml 4-Ail^l SgtHIK B'ttSSl gAIOIIMS OjEI Qff ^EHS S^l ^ Si^Dl, B 

S| OfEHOilAI 4#^fe ^AIOUM^ &!^H ^SEICHAJ^ 5H^£IOiA1A-l^ 3^!LK B ^§21 

^AlWIll S-g7tlO||A| XI J\T± XrOIITll H ^§1 STSSffl ^SoPI ^|o«A1 X1I5EICH 

XI^.^OitK C&EFAJ, E3CHIA12J 5^S| ^ fiQS^ ^Sl SSSffl f|«|A| ^01 
Dl/Ea^0|'AI "SHt!" ¥5;S 5AIS gg*!" H^e 2|D|*i"D. Et> CHS ° h 0l °[ ^ 

Effl.^lSrPj AkQn oiq^h ^i^hei^ §°0U # 491 CHS SfS 491 QE ^ E^ BJEj9 ?ISM ^iS S 
Win ;" : S34W ^ -a3i E^ 3 ArOIQil M 32| ^01 ^HXIlEIOi^ ^E 21Q. 
E lg g 'tfg'OI C&s^ ?|IHAIE1°J ^AIWIM flS§PI «SHM 7H^£S EAIti" 33E0IEK 

^S||S|^S, g Wag ffts= ?)lA|Eiej ^A|0H~ 5h¥ a^(200)2h S 2^1(400) a 4^ 3^(500)^ 

OlttH, 491 §h¥ a^(200)g Bj-Effl 7IS(100)1 #^ g3^(150)0il ^^^! 
^(contact hole)S loUAi 49?J BtEi-D 7l5(100)°i #S S^Oj] a ^1^2:^ 491 
a^(2Q0)£^~ M^MOI EDS Q^g^ ^EIS^ ^BIETII Ea^M OI^EK 

4 h ^l a ^(200)1 Sa^(400)^S^ ^-^DIs (amorphous aluminum oxide;Al 2 a) 

UmtlQ. tm mmMu^S a-AljO.ni- v-AIA^ H= ^S14 , -(crystalline phase)^ W2\ dl§ 
§4TS ffli^J S3 4^ 7:K3l^r SO| CH^f 10§E^i S3 4^M 3E1LK ^§14 h CHl 

ai*i-bisa^s Cfly ?w diss was sia. oaacH. hisi4- t» ^oih^ ^ei^ tm 

^(silicon dxIdelMD tttVl S'OloCT El 01, BiTEl 0IS2J ^2fg(low permeability of alkali 
ions) 2 S3 (excellent insulating property)! Ett HI§^4^J tf» ^DIh^ 

^ Sa»(s«Mth)y lM^Xl(morphology)l H&iiei UKSQBIfl Stl «TtfO| B4SSI-XI SfrzrP-. □ 
ShOI. 4^1 UI3S a-»^DlH^S #± ^^J ST>+E(difiusivity)l ^TTfl ^MMm 4 2iD. 

a«K«, S ^AlOUOilAI UIS9 i+a »*dl&SfS 42^(source)(HIA1 S2E|^ ^14^ »S 

iff -^^25 oi-gOl §01U^ ^> ^, 491 a^(200) 42:^ SLH^ ^^SCK 
0l2h DiAil^l- =15 371IM &.h^o £ ^ 5||| *^|~ 

a-BOICK OIEI- gaiS SX^ gsr(Atomlc Layered Deposit ion; mi ALDEh ti"D) S 

4 Si2:Dl OIQil CHolAlfe Ql^Oil ^S^Q. 

4 h a^ Hl£f &s g-g eil- ^ ?I4 iiiii &§0I gCHU^ 

SLH^ S^s OlSoKS 491 d|g§ ^ iT^OIsSH **£t>lB£. ^«E(conf orraal ity)g 

^ ach cu-BFAi . looxoti oi2^ m^ai ?sir ^ aa. Eti, 491 alo ^^4- 4- 
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H (sputtering) SB£g S#ohS BR m*«QI MUSHS, CVD OlgohS? SI? 3J?|Sf 

?i ota^Di ^mwwo\&Q. m\Li & MMo\m\M= ald sa^s uiss 3m w^oih^i s 

fi»££AN 3*1- ERS §| UIS9 §^1 £ SID. 01 IB, #71 tilSS 351- W^GIS 

"CHSf 10A LH XI 3C0A SE^l = M|£ ttSSQ. W&*\zm = , CH^f 40 A LHXI 80A §E^J 
^#£jEh 

EB, #71 or¥ 3^(200) S! #71 °3°«40Q) AHDIOil^ £E|^ 3£rM(silicon oxide^iQJ, fc'EIS 
il5«(sllicon nltrlde;SIN) E^ ^A| H2rM(si I icon oxynitrlde;SIQN)^££ OI¥CHX|^ &m 

SW|SK react ion preventing layer;300)# Q 4= SID. ^LK #7| d|§S 3S- 1T¥OIh^ 

3A m\ tm «k*e:h ^gg, tij-^ »7:i9t(3oo)g as ^ &d. emeu, 

°2°|(400) #011 *!#EI = #¥ 3^(5Q0)£ M£M0| ESS D^Sl tfSISSt, S^eii 
gE|AK)|E(!HSL)^, MBIMLUs 4 l E| AH3lE(MoSL)°|, &ITM £E| AKDIE(TaSL)^, EIDh 
tfEIAWIEdlSI.)^, H£B(l)eL *E|£Q&(Mo)ar, BI»(Ta)sr, BM(Cr)^ Ezr ElEfe Lf-OIMEf 
OiE(TiN)5| eHI- as E3^££ 0I¥013D. 

E 2 LHXI E 4rr S 4JA|D||2| 3HHHA1E1 ^iQii QIBH& 3^(200, 200a, 200b. 200c)°] CHIP 7H^f 
DEI-tSD. 

:?*U*|*££, & U AICHI (HI tttiz ^lAIEI^ 5f¥ 3^i(2QQ, 200a, 200b, 2C0c)2£ gjfll ^5.1 7H 4 
SID. flaw, E 1CH1 EAItt tftSt 8fS £B|«(stack type) ^£^1 o"r¥ 3^(200)# 7^ £ SID. EE 
E . 2 (HI EA|£j- HBI- 30| 3=2| £30)1 SX|- fe'EI ^(hemispherical grained silicon 

layer)# *j#§ r 01 fil 7^ SB^Sl SUHAi?! B» flEISSflj ?22| sh¥ 3^(200a)S 71- 

m 4* SID. EIWM, E 3(Hi EA|?> bffil- ^Oi 6ISCI4! (cylinder type) o"r¥ 3^(200b)l 0IS 

IT * S(I1, E 4011 EAIti" tihEh S£ 2gQ« 3^ 53011 gJXr flE|ff9« ««SK)| * 

7 r £| SCH1 n 1 ^^ 5r¥ a^(200c» Q\B%> $ SID. OlEh ^ SSI ^^^1 2^(200, 

200a, 200b, 200c )M EEJthDBl-E, B ^AlOUOliAi Ol^ti^ HI§1 ^ ^DIh^ ALD 
^ ^^EM 4^ SID. ^, ^^El 4= SlOl ttm«2| «SK2* ^ ^§ 

»SOr 2SXIISD. 

E 5;^ E 6^ g ^-SOU [[}^^ ?iiHAlEi i>™^ ^A|ftl!M ^Ss^l ^I^HA1 ^H^f3^^ EAIti" B 
3EMOID. 

E 5- ^Ex-tj ^Dii §^ 3^(200)M B^IIM )H^25 UEtyjD. 

§3^1(150)01 u^iij ^|e(100) ^011 3^(200)M SStCr. OIUH, £K7| 

3^(200)^ B ^AlOllOllAI^ OtIS MOI ^gi&rAie!-, E 2 LH XI E 41 Al 

aft-mai- soi ew*-a» ^Bie^ti ^ e^ tfs'Q« 72 siu s^ aai ^?^s ssir ^ sj 

D. QoK3|/ fe^l W 2^(200)^ g^lOl ES^l DISH ^E^Sf ^ ^EI5?j| E3°j-^^ 

01*011, fe^l 5^ 3^(200)1 S3 S§ (Rapid Thermal processJO|5^ RTPBh ^E r )^S ^x-lE|s r 01 ' 
^71 t>¥ 2^(200)1 ^A|9j(300)M ^?r^ ^S^D. OIUH, CH^f 300*c LH XI 1200*c §E2] 

SJEM-AI #31 a^£l^ ^ttBD. Uffl-S|*CT= CH^F 900*c SE2J ^EOllAl 1*^ 4:^^(nitride 
source)^ : saU'OK ■?^(NH,)S'S 01^5(01 60s §E S^IEIl ^tS^D. ^, ^ S-a(Rapid 
Thermal Nitridat ionJOI^h RThDIEl- ^D) SSS ^tS^Eh OlSr S*= 8*1 EIM 2|MAI &?\ 5r¥ 
a^(200)B| Siai- y§3 r 01 ^E|^ Itr^l 01^ ^01 ««S ^E|5 It^l 9i- 

S ^XjS[(300)^M 0IS6!D. IlEiLh «5| ^§ »7]St"(300)^S 4'E|^ itfi^ OI^CHXI^ e[l £1 
(HIE ^El^ mm E^ 4 l EIE ^A| ItrM 01^01X1^ 0|g^ 4= SID. 

0121- WOI ELl-s ^Al^(300)^ ^^54 tt± ^\7\M ^*m= l^HEl SSOilAI ^71 

a^(20Q)^SS| A+ib2J a Eh &Sa^l ^-Alufe tlEK ^011 DE ^ 

9t (Equivalent Thickness of Oxide layer;0|5h ETEh ^D)^ §?rM »7JtH>. 3E1LK B ^AIWIOII 
AHf ££?\t± RTFOll 2|« 4 l EIE §£r^! ^Ssfe 3"fllM flAISW 4= SiD. 0I~ 01^ Oil #kU\ 

Hisi^i-srW^DiH^Qi ^ ^TTii sxiai?i^ mm\ e^tio-. 

E 6g Sr¥ 3^(200) ^HHI ^3^(400)1 ^^5^ B3I! ^H^^S LFErtd EK 

^aiSj^S, ^|-¥ 3^(200)1 U AIWI Old ?H El (hydrogen passivation treatment )S ^tStrOl fe^l 
oK¥ 2^(200) 6HHI 3^5r= A r 3 4T»eKrat Ive oxide layer)! ^3§l MTitlD. 0|Sh 4^ EH 
MWOIfl flEIrr 4^1 RTP SEI1 ESSW Sfe S^Oil^ MD ^tfftW 441 El CH 01= BQ. 

01^01), fe^l 5|-¥ 3^(200) #011 ^5:^(source)0j|A1 S3D^ ^§111 

ej-^OI ^OiLr^ ^, ^1 3^(200) ^B£S H|§1 £Tf r ^Qte^l 

SSSD. DI2h a-S ^l-AI SS^g ^BIAI^ D-S^ ^SOI SI^LI- ALD SSI («S 101 

^StlD- ^1 ALD g>^S 6^1 t r ¥ 3^(200) #(HI ^¥Dls OlS^rOl H?| 

§E2J ^¥DIh^1 SSfHi. 01*011, ^¥0le^l tf»as SEI^rO) fJXr 3^1 §E ¥ 

1, 0U3CH CH^f 0.5A LH XI BOA §E°J ^JJil^l tf» ^¥OIh^M SStlD. 01^011, ^Itf br2f 

£jxh a?i §E2j ^ wr^nmum snm A r oii(cycie)s *m ^tmoi w^f ioa 

LHXI 300A §E^ ^))US b|§3 3"th a^Olfe^S ftlSttD. Hr^^WI~, CH^f 40A LHXI 80A §E 

md ^x-ii^^^ ^ So i-3 dm Hi- ^d. mmum ssi mm ^ois(akch.)») e^ 

^•¥QIh 3MEh01E(AlCl a )l OI^D. ti^oMI^ ME| 0111 IT^OIhM O|go|-JQ 3^1^^ 4^§ 
?\ (vaporized KdQ)M OlgtlEK OIUH, #71 i+»»IS #71 W¥OIs^m 3arA|?|= B7||^ fflSf 150*c 
LHXI 400*C SE2J BTEM 7|»(100) ^E 5E2QilAi ^tSSCh HHr^i§h?il= CH^f 350*c §£5J ah^x-il 
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7I3EK1QO) 320IIAI ^tS^iCK £E*h ^1 AhOIMCHI 2] SUA! £9| HISS ST^OIh^E CHS 2 
A SE2] ^HIS SSBEIh ^01 ^2£l^ HISS ^DIh^ £91 ALD gJB2| £S ^£CHI 
^MM HISSES E*h Oiai- BUI **£!£l = £+» S^DIfe^ £91 ALD »£|2| £g 



Oil ^HAI ^£E1 UE^CK CCJ-5FA1 , tDOSCH! 0[3^ Q"W E|^£M 



OI«QIL °£1°|(400) £011 £ I Oil EA|£] 1*01 £^ 3^(500)1 «gt!Q. 0|[fL £?l £^ 

2R(5Q0)g M£10l ESS DISH tfElffSh §^ E J! tfEIATOIESh IEIMOIh ^EIAHDIE^, &«■ 
1 £jE|A|-0|E^, EIEFh £E|A r QiE^ 9^!U*j, KISBfeSL B1|*E|-, 3*sj- ElEFs UOIM 
EfOIESf mil »S £8^23 OI^OiSCK 

ttfi, HISS ^D|^°|° gg- S|$(as-grayn)OL CHS 1.642] S9fi( A,=633.0nm)g UEm 
Q. 3EiLK £9| HISH tt» IT^OIs^ i>^ej a a El Oil 2|*HA1 AHSKdensif icat ion)i 4= SICK 

oi xma- g£r gii a sj-sj = jiu m *ssk» a « sack ^ 4^1 hish tm m^ui^m 
ssAia s, hish Ai-a sMwi&em o, ?t±mM otysafe »ass xiasmoi 3 *i 



u^dih^oi asa ^mi- b»ei $21 ^3 dim 





SIDL2I ^JJil(A) 


AUOa^J ?M|(A) 


aae(A,-633.0n«i) 




996. 506 ±9. 781 


543. 186±9.027 


1.64 


'|B"«ei '# 

(CHS 800-c 0 2 CHyg, 
30£) 


997; 300 ±7.633 


480.851 ±7.354 


1.692 



SRItt-I lOilAi \JEM »G| HI SI 1 IT^DIs^ 0 5 OiygOil 2|fl|A| n ^)J||7|- a-s^rai a 

BVQhsiws a- 4= s*a. 0121- its 12^ £?i amnion b^hai £?i hiss t*» sr^Qi&sj-oi x\ 

BIStSIS UEftHEh OjOjj Hfdh £7| HISH ^tF ^OIh^2J °£imOI ££S^ SUPI- '^eaCh E 
Eh, Q\E\ti flflEIH 2|ft|A| £?| H|§3 d-tl- ^DIh^BJ J^J]ij^ ^ ^ ^ 
2is=. £PI mag S!«A|.S?I- ^5fe[ =)J« (Equivalent Thickness of oxide;0|s|- ETEf- *hQ)°j 
SH ^ ^ 2igS SlDlttO. 

E£L ^| ai§g iftf i?DlH9f2| 2FA^| MCHti-^Eai 7|S-(bare wafer) Oil 

itii°t9i ^mm m?mU. AIIS^ I (Standard Oleanirs l)S i» ^^(HF) SEIS 

mS14:D|E1(spectrcseopic el ipsoaeter)M Olg^^OI m^o[0\ 3 5 1 0il LfEmjCK 

I 2pi| .yEfeT ^01 HISS -fl*- t^OlH^ #£21 ^d-M SJTiilofe 22 r M UEhiSO. ^, HIS 
1 ^Dlfe^OI aSEIXl S^Olfe CHS 66. 6A SEE] i=JJil£ 4 l E|^ a^^OI 
LK HISS &$[ ^DIh^OI ES3£ 2^0i|^ SStl^ ^E|^ #51-°^ <=)}\\7t B7]\ &±ttm & ^ 
2AQ. EtK CHS 1P0ASE°I HISS Aj-fj. ifD|fe5|f ESS^ S^Oil^ CHS 2A SE2J OIQltf = 

m?i ^ai^ A>tt°rOi ^saM : ^ ^ sd. oisf ^-oi b ^aiohoii co^^ hiss t+m ^oih^ # 

£ ^ SiCH . ^Itj- RTP x-IEIOil °J*j- &g Sm>-(300)# £°jn r A| SOI-E ?)5IIA| 

Ei qitJir ^ SICK. ^^2j js^EI Al 4^1 aj^oj ar : h ^SftM »XI»PI 9|*l 

A1 BTS ^|^(300)1 "ffffffla. 



W2J 





Si0^2J ^)JU(A) 


0 


66.576±0.545 


28 ,860 ±1.684 


17.032+1.821 


33. 369 ±1.706 


18. 959± 1.725 


48. 484± 1.229 


11.222±0.860 


82. 283± 1.257 


3.406±0.398 


98. 711 ±1.054 


2.002±0.259 


258. 749 ±'1.076 


1.542±0.268 



o\9y g-oi ui§i &m ^aiH^l ssn mnspi $|5HA1, uisi 

hi AISOilAlU 201 7hS5hQ. Uf^i-slohTfl^ 4^1 3^(500)01 SSS 01*0)1 4^1 SflBI 

£ 0ISI-2J S£ 52!, 0112! CH fflSf 150*C LHAI 900*c SES UHf^sWIS CH^f 850'c 
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m im 3m §e a»£i£*a. 0101 raw sms qi*dii £usi flats*. 

g^iti- aiiagaoB °i«ai &?\ uiss mi a^oiftsts oigsje! etsj, misch aw goa se^ & 

7\ digU a^F IT^OIh^I ^JHI&llAi CH^f 26A(Al,U^ S3 ^41 9^ ?!-§)£] 0|g*j£! ET2HH 2 

tmm ^nv ^ 21a. aau A9i oieaja Eizrai sa saafe as =??*w\ wtM m\ 

ti BSEI! Q 4= 2iCh. «*, »1*IH» B»2| 2(tt) SEI£ £71 b|§! tf» S^OIh^ 

0171 al nigciasi- ems ^1 hi§^ awai&sra mmu ^e oi*k m^ch qw i5o*c lh 

Al 900'c §E°J SE0U1 8«E|fife »a£S 4>«SD. H»5|*KN = fflef 450*c SEBJ gEOUl # 

pi asxiflsn *a«D. #71 assi^ tf± a#s- m± Eb m± %m aw 
5i tiistpiu asoiiAi ««ibq. oiul Hreraawife 7^1 ^?ipi ?i^s oisai-oi chsf 

30g g£ B'flaiftW X||2Xltt£te 40ttD. 

um its mnmm e^ii ^tsm^ mi« aas^i ««ial aibi- ^nusputppi 
^goi-cfl oia'uro s^i^ei msm m^o\o\ s 3011 uEma. ^, b*eh :?iekioq)oii §w 21^(200) 

oiul g?\ xm aei^ sra-. rtn ss(9oq*c, nh>. 6o&) ^ts °°(«&) 53, ^ 

tiiSH £M> BWDI&eTSJ 60A SI 300 A^ <£MI 52, S02x|^fl- B2I ^43 S^ ^ fll2xlSj£h 
fflBf 450*c, 0^ 30^ £301|A| 4=t5s|~ 92X1821- EKHIM CH^f 800*c , 0*, 30^ 22 

EAIt^ a 30|| [[[eg, Aba^tOI 300 A ^)H|0iiA1^ 2 2 CHI ^^5^1 V£ 2^ ^EP^ 

20nA/crf 0|5^ UEh=[a. ZldlU ^1 AlA^HM 60A §E2| ^IQilAI^ DE 22Qil BioHAi S!2BM 
t^S^ ^^01 ffisf-tTM ^ 4= 2iCK AIA^OI 60A0ID1 RTN X-iEIM or XI 800*C^1 Xii2xl^tr 
^E 222J 3-° (#7)011 ^ EUh ^S" CHSf 57 AM LfErtfCK RTN SEIS ^ S^(#1)01IE CH^f 4? 

A-SS2I ET1 LrEI-LHCH 0|B^°J ET2f. RTN 4A+Al 2 a26ASJ 30ACHI HloB HQ. ^1*1 

3E1Lh AIA^OI 60AQID1 450*02) JD2SISS- ^E 22^J S^CHI^ RTN t^lf 4tSS S^(#3)^ 40 
A, RTN MEm ^ 3^(#6)0|A|^ 3?A §E£j ETSfg UEKJJQ-. E^ RTN XldPr 

§?(#6)(HE'if^ ^E^r 700nA/ofS ^?|| UEfefD. OKCHI CP-EK Xil2x|^5 r # CH^f 450*c §E2j 
SE SZKHIAI 4t»M HI! AlEi^J ^^0| °^tJ"M ^ 4 2iQ. E^ Ur¥ 3^(200)Hr S3 

St(400)°l: AhOIOil RTN *IEiai- ^ a £-1 El Oil 2|*AAI ^^El^ tfEI'S ^t^, ^E|^ ^th9| ^EIE 
^A| §£1-5! Mil- ^ Bj-s &A| ^(300)01 mm Iffl ?ISHA|E^ 2^1^ m^ 0 | ^ 4= SiQ. 

/jBT sj 



X1l2x|^tKHI mE 9\MA\E\2\ 371^ 





RTNx-IEI 


Al^ 
?M 


0^ 7312X1 
E 


(pF) 


tans 


^ as 

^E(nA/ 

or?) 


1^ d-th 
(ET; A ) 


(X) 






















i 


o 

TT 


60 


800 


615 


661 


0.012 


25.8 


47 


93 


2 




300 


800 


235 


247 


0.031 


<20 


125 


95 


3 




60 


450 


718. 


772 


0.009 


45.77 


40 


93 


4 




300 


450 


259 


263 


0.042 


<20 


117 


98 


5 




300 


no 


218 


229 


0.045 


<20 


135 


95 


6 


a 
-r 


60 


450 


766 


832 


0.06 


704.38 


37 


92 


7 




60 


800 


535 


546 


0.014 


37.32 


5? 


98 


8 




300 


450 


248 


252 


0.019 


<20 


117 


98 


9 




300 


no 


210 


219 


0.052 


<20 


141 


96 


10 




300 


800 


222 


223 


0.046 


<20 


138 


99 



am mo\ uisa ±m m^am^m sse«4oo)°e saw m, innmzm ^tstj-^s-w, ?t 

■HAIE1S1 §S1 tf^All 4^ SiMl IT 4= SIQ. ^Itt £2!0U1 ET^g 0|S 

SJ°J £ 30A0il DIXIXI SttCK 010)1 6K7| fe^ 2^(500)1 Ol^Ofl, flllXl^tF ^tSShS 

011 Djef 650-c. 30g2S OiyUSS SHWStltl- ^CHI 9\MME\°\ V?m ISi =§5lO) 5 4011 
UEKSO. 
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91X19 SOU [Q-B S MAI El £1 m% 



* 


RTN 

n a 


bj-e 
a 

0 1 -f | 


& 


o* Mm 

E 


(PF) 


tana 


§E(r,A/ 


(ET; A) 


(X; ±2V) 












p 












] 


o 

TT 


6 


60 


800 


680 


690 


0.012 


7.96 


44.8 


98.6 


2 




C 


300 


800 


250 


270 


0.019 


15.2 


118.3 


92.6 


3 




T 


60 


450 


830 


874 


0.014 


68.4 


35.07 


95 






C 






840 


890 


0.028 


28.6 


34.89 


94.4 






B 






8.30 


876 


0.032 


25.6 


35.31 


94.7 






L 








nrn 

□by 


0.035 


53.6 


36.02 


96 






R 






840 


882 


0.014 


65.4 


35.07 


95.2 


4 




e 


300 


450 


270 


290 


0.017 


16.5 


110 


93.1 


5 




0 


300 


no 


260 


270 


0.017 


13.1 


116.1 


96.3 


6 




T. 


60 


450 


932 . 


987 


0.019 




31.34 


94.4 






C 






930 


990 


0.017 


677 


31.30 


94.4 






B 






905 


946 


0.011 




32.71 


95.7 






L 






925 


971 


0.014 




31.86 


95.3 






R 






910 


964 


0.016 




32.09 


94.4 


7 




C 


60 


800 


540 


580 


0.018 


2.29 


53.4 


93.1 


',b..:: 




c. ; 


' 300... 


::45o 


310 


313 


0.018 


13.3 


98.8 


99 


9 




c 


300 


no 


250 


260 


0.02 


4.89 


119.8 


96.2 


10 




300 


800 


230 


240 


0.02 


11.2 


133.5 


95.8 




C. - 























£ 401I A1 e~ 7mm (center) , Brr OtfH (below), £| (top), L~ S^(left) 5! R° SlE^ (right)°l 

as si. ?m .uayio. mm^rn s. wm uek* urn iroi 52 

(HIA1ET &2| 3-4=1 £ StCK §§L X«2flS» 93tlMA| 450*c §E2J SE0UAI SflEIS S^CHl 

RTN- 3^(#3-C)01l 35A2] ET2JM, RTN XlEIEIXj -&g S^Oil^ CH§r 31 A 2E2J ET2J1 UE> 
LHOi .0ie?j°] ET^ei 30AOil ES^Hl 2EK 0121- STS ^HKHlAj B £A|Gj|0tlAI£ <f>^2| Sal El Oil 2J^ 

SACK. 

E 60A ^fflSJ -diss iJ-$F -a^DI&era SgKdrive voltage)01l EHoH 

Aj-f^ofc £A( * t 

?«S2s; -s 40iiAi5j a^ai&sra boa 21 ^jju ^221 s^oiiaiei etm ei?ra^ aermi 

HM EAISffih E 70UA1°| SS- !££ 710S a 4G1IA121 #12] 2°MAL if5 ¥2 715^ #72| 2¥ 
MAti 82 -.Sjta 730^ #32| g^WAL 85 ^2 73fe #62J 3°WA1°| 2200 iUE ET Zt§ UEmQ. 
E 70j|Ai UEfLHfOI 450*c §E°| £E 520UAI 30M 92X181991-11, 850*c, N., 30M H1«B»ii- 
3^(730, 735)iHIAi2) ET^OI 0|g*j°] ETZJ.30AN 2Stm « £ 2iQ. 

E 8^ 60 A $]|S| UIS9 tf»»¥PISe|5| ej^HEl^ aaon EHoH ^§^1 gEl EA| 

^ffliaj^, E TWiAl 3131 85 810^ a. 40JA|°J #?^1 S^OllAl, ^5 815^ #1E| S^OilAi 
83Ce #62J S^QilAi, s h 5 ^ 835^ #32J S^OflAiej SgT0|| ItyE ¥^ 3^ s'El UEttS 
Eh. E 811^513, E 7(HIA1°| 0IM^°i ET^Qil BS^fe ^°(730. 735) gtHlAi 2V 0|5^ ^ 

1 a'a*HHI/d'¥« SE^^S ^2 8352J neH^OICK OlDil LOEK S. 4CHI A1 ^ #321 

53, ^/ RTN «E|»'fle ^ 450-c §E2j ^E 520HA1 0^ 30£ a2aHfflem # 30^ 
BllXISatJ- 3^1- ?HA|E121 &?\*\ m^OI a ^ SiCK 

E 9= 92x|gf|. B?tll 52 Oil ^SHA|E12J S7l5j EAItl 3EHiO|Q. 

^Sl ^ 2»~ 450*G 52£S g§SCf, ZIEIH, HI2x|g5|- Bflll ^tS^fe £ZP\ 0, 

^ 2J EhE WiSCH N, OlSSfe 3? E^ 7;ij2^|^tF 3»M Sfe 5 

flstja. atr, a2«Ha e^iie ^t«^h~ ai^ s =jjyi 53 

^ SSohOI ETSt 5! ¥^ 3^ sEM ^SoKfl EAl^Q. ^1^2i 521 5 5011 UE^CK 

E 91 85Sh3, ET2j 3°^ g5 ^2 9402] 2°^ WO. ¥^ ^E2l S^CHI^ 

?S UEKflD. 3E|Z», 60A §E2i HlgH ^l- ^DIh^ S°(950, 960, 9?0, 980)0il^ 

CH^f U|$t^ 2t2| ET SI ¥£ 2^ ^E€ UE^Q. EtJ", ^ ^QIh^ ^)H!^ 40A2J g 

^(910)011 52^^ ET^ Ul^tt ^# UEKHXIffl- ¥^ SB HE3H ^QhAl^ UE^Q. 01 Oil 

im, zm 6oa §E2i hi§^ ^th ^Dife^oiiAi^ 912x1921- btiim 4tsew 
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c SSI 21 5HMAIE1. 

37*r 3. *lll*HHI 2iO|A|. 371 26$* 72, H» 72 §j ^g!QS 72 

S OI^CHXI^ mSWM CHE fcl SI SI 7il 7Wir 21a ll£S 5 r = 5*|2) TUillAI 

§71f 5.. SiOIAI, #71 7|# £*F51£3 #7| MLHir »B£ S! 

ftej- S*Katomlc layered deposition) &S°J 31 1§25 Sfe B^Efll 54SUAIE1. 

tKHtr 6. SI KHU SMHAI. #71 4T» SfTDI&^S CH^f I0A LH XI 300A §£.21 ^11 7ffl = 31 
3fe B*£H §*|2| 5H1AIE1. 

S7U7. 15* KM SiOIAI, #71 tm a^DI&erS CH^f 40A LHAl 80A §E2| ^11 7ffl = 51 

ig°s sht ef£En aasi thaiei. 

aiei. 
°- 

tl §92? §r= BEll S«2| 9UHAIE1. 
#71 or¥ 3^ #011 UlSIi d+fh W^DIh^S S^Sfl SSSfe 37j|; S 

2^* 72- ew* aw tfEi» 72 a sacis 7 

723 «SS|£ 2s 1921 SIS iSH #£I2| 9\ 





§7® 14. UltHH SICHAI. #71 SE^tl Sgttfe 3711 01 3 Oil 



S71M6. 'flM4ttO| SJOiAI. #71 em SXiefS #71 §1^ S^l Qi^f 300*c LHXI 120GX g£E2| S 
E01IAI ^X1B1§K31 31 sgog §^ ?WA|E1 &£J. 

g=?lf 17. XB16aMHI SiOlAi, #71 S*IEI£ 12 2221 Stl*r= S?I7| ?i±<i\\H §Sh 
33£-S 31 ?S2S Sfe S*|S| ?in«AIE1 §^ 

Ill & iKTOadFV9nin#S9W ™" ,0i ™ OTA §Ea a 
■*Sm&&M8FM& Hff M " A 80i S£a ^ M as 

S7« 21. 120^(H SiOlAI, &J\ 4^1 5l¥ SLHi= 

§jX r °k g=f(atoraic layered deposition) SB 2! 31 I9£g Sfe S«2J 3HHHAIEH 

g7tr 22. 1-1121^011 °lCHAi, 4^1 S»ef gaT M£l Dill ^?0Ih S &?0Ib 31S10IES 

01^ £t 111 &^0Ih 2^23 OlSdKH 4*13= 31 i§°S Sl- 




IAIE 

S7tJ 23. X|21tt0| SiCHAi. 4^1 SWS}- g=r SSI 4=tSS1?l OISOI 

X|e] liS »5 S ni|Altti|01 ^ ^ Em ^ &71I1 Q 4=iSS|= 31 1S°£ SF= ffESI §t:|2J 5HM 
§7tT 24. S1 1 1*HHI SiCHAI. £91 ^ S^g ^«5l= OI^WI 
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HAIEI &a. 

25. H20HHI 2ACHA1, 291 XillXlim tm= &?\ d|§l £■» SWaifeSfSJ §§11- Olst 

s era. 

26. M2S*m SOI Ad. 271 §^EI = 

EHBf 150-c LHXI 900'c §££) £E(H|A| 4*«£l= 531 Sh= SEiil §*|2| 5HHHAIE4 *J£ & 

3^**27. HI2etHHI SiCHAI, 291 mMZ\£ 

CH^f 850-c g£°J 4=t«£l^ S§ li£S ?HHA|E1 «S SS. 

28. Xfl25*KHI SiOiAl, 271 

#± mam ii ^ a ?i^s oi^oixis s3MAi >yaja^ ch^ sh_i-°i 

3>1iS OlgSKH ^titlTiU 4=tSS = 2§ agog § fe u h£S| | g^o, ^nUAIEI S3 b-s. 

29. S0U1, 271 J9l*IB»4fe ^mO\ 291 2¥ E^m t!2S^ B?fl 0| 

soil 2?i uisa mi m^Qim^m M2tmmt[^ ekjjs □ am 1125 *^ §-xi 

2J 5HIHAIE1 *!2 BB. 

tWfe 30. X1|29|f0il SJOlAi, 271 42X1 81 9- S7fl£ 271 UI3S ttsh 1^01 e^TI 3 3 ft £E Dim 
g?tT31. BI30tmi SiCHAI, 271 gSEI = 

CH^f 150-c LHAT 900-C SE0U1 4489 = 311 Sfe BEXI S*|2| 91 II A| El S2 » 

B. 

S?&'32. BI30*KH| SiOiAl, 271 S*IEI= 

>+± 7h*, ii a i'i ^ig oi^oiai= aaoiiAi ^eiti^ ch^ sm-^i 7hii g?i7i 
7^e oissctu &mM 4=tsa= 2i i§£S8e §sa s»2i tiihaiei sa. 

S^33. HI 1 \%m SiCHAI. 27| 2¥ £R£ M£10| Q3§a gEISe,*, §^S! gEIAWI 

E5f.. iaHIAJOIEer. &fTM flSIAKJIEHf. QEfe aaAKHE^; 1±S!9|- MEIMQIh^ 

H= 511 Sfe S*I°J 541AIE1 ^S. 




^ S2 
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